Benzyl (3S,4E)-4-[(dimethylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamate 5 was prepared in 4 steps from L-aspartic acid 1. Acid-catalysed treatment of 5 with amines 6 gave the dimethylamine substitution products 7. Benzyl (3S,4E)-4-[(arylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamates 7c-n were prepared by parallel solution phase synthesis from 5 and anilines 6c-n in 45-94% yields. Enaminone 5 reacted with potassium cyanide in the presence of 18-crown-6 to afford benzyl 4-cyanomethyl-5-oxo-2,5-dihydrofuran-3-ylcarbamate 9. Upon reaction of 9 with nitrile oxide 10 the 1,2,4-oxadiazole derivative 11 was isolated in poor yield, while treatment of 9 with diazomethane 12 furnished the methylation products 13 and 14.
Introduction
Recently, 5-substituted (S)-1-acyl-3-[(dimethylamino)methylidene]pyrrolidin-2-ones and (S)-3-[(dimethylamino)methylidene]tetrahydrofuran-2-ones, chiral cyclic analogues of alkyl 2-substituted 3-(dimethylamino)propenoates, 1 were introduced as reagents for the preparation of various functionalised heterocyclic compounds. 2 For example, they were employed in the 'ring switching' preparation of 3-heteroarylalanine-, 3 3-heteroarylalaninol-, 4 10 In continuation of our research in the field of chiral 3-(dimethylamino)propenoate analogues, we report the preparation and transformations of benzyl (3S,4E)-4-[(dimethylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamate 5, a novel representative in this series, and its utilisation in the solution phase parallel synthesis of benzyl (3S,4E)-4-[(arylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamates 7c-n.
Results and Discussion
The starting compound, benzyl (S)-5-oxotetrahydrofuran-3-ylcarbamate 4 was prepared in 3 steps from L-aspartic acid 1 according to the procedures described in the literature. First investigations on reactivity of the enamino lactone 5 towards nucleophiles revealed that, in contrast to previously established general reactivity pattern of various 3-(dimethylamino)propenoates, 1,2 compound 5 is quite unstable under acidic conditions. In most cases, acid-catalysed reactions with various nucleophiles, such as aliphatic and heteroaromatic amines, N,N-, C,N-, and C,O-ambident nucleophiles, and potassium cyanide, gave inseparable mixtures of products. Only upon reaction of 5 with 3-aminoisoxazole 6a and piperidine 6b, the dimethylamine substitution products 7a and 7b were isolated in poor yields. On the other hand, preliminary tests showed that dimethylamine substitution in reactions of 5 with anilines 6 in 50% aqueous ethanol proceed smoothly and in good yields. Therefore, we carried out the parallel solution-phase synthesis of benzyl (3S,4E)-4-[(arylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamates 7c-n, which were prepared in 45-94% yields. In most cases, analytically pure compounds were obtained upon filtration, washing, and thorough drying. Compounds 7a,b,n were isolated in isomerically pure form, while compounds 7c-m were obtained as mixtures of the major (E)-isomers and the minor (Z)-isomers (Scheme 2). Attempts to prepare the 4-cyanomethylidene analogue 8 by acid-catalysed dimethylamine substitution under various reaction conditions failed. However, when reaction of 5 with potassium cyanide was carried out in dichloromethane in the presence of 1 equivalent of 18-crown-6, benzyl 4-cyanomethyl-5-oxo-2,5-dihydrofuran-3-ylcarbamate 9 was obtained in 60% yield. Most probably, this transformation proceeds via the cyanomethylidene compound 8 as the intermediate, which then isomerises into the cyanomethyl tautomer 9. Similar base-catalysed migration of the exocyclic C=C double bond has been observed previously in 3-cyanomethylidene-5-methoxycarbonyl-2-pyrrolidinone series. 8 1,3-Dipolar cycloaddition of 2,6-dichlorobenzonitrile oxide 10 to dipolarophile 9 in chloroform under reflux afforded cycloadduct 11 in 7% yield. Since IR spectrum of 11 does not exhibit a signal characteristic for the cyano group, we presume, that cycloaddition of 10 to nitrile 9 is taking place to the C≡N triple bond and not to the C=C double bond, thus furnishing the 1,2,4-oxadiazole derivative 11. On the other hand, treatment of 9 with diazomethane 12 gave the N-methylated compound 13 and the Omethylated compound 14 in 41% and 7% yield, respectively (Scheme 3). 
Structure determination
Structures of novel compounds 5, 7a-n, 9, 11, 13, and 14 were determined by spectroscopic methods (IR, NMR, MS) and by elemental analyses for C, H, and N. Compounds 7a,b,d,j,n, 11, and 14 were not prepared in analytically pure form; their identity was confirmed by HRMS.
The (E)-configuration around the exocyclic C=C double bond in compound 5 was determined by NMR on the basis of NOE between H-C(3) and NMe 2 group. Similarly, the (E)-configuration was established for compound 7l on the basis of NOE between H-C(3) and H-N-C(4'). In the case of enaminone 5, the (E)-configuration was additionally confirmed by 2D HMBC techique on the basis of magnitude of the heteronuclear long range coupling constant, 3 J C-H . Generally, the magnitude of coupling constans 3 J C-H for nuclei with cis-orientation around the C=C double bond are smaller (2-6 Hz) than those for the trans-oriented nuclei (8-12 Hz).
14 In compound 5, the magnitude of coupling constant, 3 J C-H = 5 Hz, showed the cis-configuration between H-C(4') and C(5), and was in agreement with the magnitudes determined previously for analogous compounds (Scheme 4). 
Conclusions
Benzyl (3S,4E)-4-[(dimethylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamate 5, a novel chiral 3-dimethylaminopropenoate analogue, is available in 4 steps from L-aspartic acid. Parallel treatment of 5 with 12 aromatic amines under mild conditions afforded the corresponding dimethylamine substitution products in good yields. However, with respect to previously prepared 3-(dimethylamino)propenoates and their analogues, enamino lactone 5 turned out to be quite unstable under acidic conditions, which are usually employed for reactions of related N,Ndimethylenaminones with nucleophiles. On the other hand, substitution of the dimethylamino group in compound 5 by the cyano group was achieved under basic conditions. However, this substitution was accompanied by migration of the exocyclic C=C double bond into the ring and by loss of chirality.
Experimental Section
General Procedures. All starting materials were commercially available (in most cases from Fluka) and purified following the standard techniques. Benzyl (S)-5-oxotetrahydrofuran-3-ylcarbamate 4, 13 2,6-dichlorobenzonitrile oxide 10, 16 and diazomethane 12 17 were prepared according to the procedures described in the literature.
Benzyl (3S,4E)-4-[(dimethylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamate (5).
A 
Benzyl (3S,4E)-4-[(piperidin-1-yl)methylidene]-5-oxotetrahydrofuran-3-ylcarbamate (7a).
Compound 5 (0.145 g, 0.5 mmol) was added to a stirred solution of piperidine 6a (0.045 g, 0.5 mmol) in a mixture of ethanol (2 mL), water (2 mL), and hydrochloric acid (37%, 2 drops, ~0.6 mmol) and the mixture was stirred at room temperature for 12 h. Volatile components were evaporated in vacuo (T < 40 o C) and the residue was purified by column chromatography (ethyl acetate benzyl (3S,4E)-4-[(arylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamates (7c-n) . MiniBlock™ parallel synthesiser with 12 positions was equipped with glass reaction vessels (20 mL each) with fritted bottom. The frits were wetted with ethanol (~ 0.5 mL each), the MiniBlock TM was closed, and mounted onto the shaking and washing station.
The reaction vessels were loaded via syringe with aqueous solutions of anilines hydrochlorides 6c-n (0.25 M in water, 2 mL = 0.5 mmol to each position). Then a warm ethanolic solution of compound 5 (~ 40 -50 o C, 0.25 M in ethanol, 2 mL = 0.5 mmol) was added via syringe to each reaction vessel. The reaction mixtures were stirred (350 r.p.m., Vortex stirring) at room temperature for 12 h. During this time, precipitation of the products occurred. The MiniBlock™ was removed from the shaking and washing station, put onto the vacuum collection base, and opened. The reaction mixtures were filtered and the precipitates were washed with water (2 × 5 mL). The reaction vessels with products were taken out from the MiniBlock™ and put into a dessiccator. The products were dried in vacuo, first over sodium hydroxide pellets for 3 days, and then over phosphorous pentoxide for 2 days. The dried precipitates were collected to give the substitution products 7c-n.
The following compounds were prepared in this manner:
Benzyl (3S,4E)-4-[(phenylamino)methylidene]-5-oxotetrahydrofuran-3-ylcarbamate (7c).
This compound was prepared from 5 and aniline hydrochloride 6c. 
Benzyl (3S,4E)-4-{[(2-methylphenyl)amino]methylidene}-5-oxotetrahydrofuran-3-ylcarbamate (7d). This compound was prepared from

Benzyl (3S,4E)-4-{[(2-methoxyphenyl)amino]methylidene}-5-oxotetrahydrofuran-3-ylcarbamate (7g). This compound was prepared from
